Often memory for emotionally arousing items is enhanced relative to neutral items within complex visual scenes, but this enhancement can come at the expense of memory for peripheral background information. This 'trade-off' effect has been elicited by a range of stimulus valence and arousal levels, yet the magnitude of the effect has been shown to vary with these factors. Using fMRI, this study investigated the neural mechanisms underlying this selective memory for emotional scenes. Further, we examined how these processes are affected by stimulus dimensions of arousal and valence. The trade-off effect in memory occurred for low to high arousal positive and negative scenes. There was a core emotional memory network associated with the trade-off among all the emotional scene types, however, there were additional regions that were uniquely associated with the trade-off for each individual scene type. These results suggest that there is a common network of regions associated with the emotional memory trade-off effect, but that valence and arousal also independently affect the neural activity underlying the effect.
Introduction
Researchers often have found that, relative to neutral information, emotional information can attract attention more rapidly and also enhance memory strength. This prioritization of mental resources toward processing emotional information can lead to enhancements in memory for emotional information, and for its associated context [reviewed by Hamann, 2001; Levine & Edelstein, 2009; e.g., "flashbulb" memories (Brown & Kulik, 1977) , emotional words (D'Argembeau & Van der Linden, 2004; Doerksen & Shimamura, 2001) ]. However, it also can come at a cost for attending to and later remembering neutral peripheral or contextual information in visual images containing emotional items (Burke, Heuer, & Reisberg, 1992; Christianson, Loftus, Hoffman, & Loftus, 1991; Kensinger, Piguet, Krendl, & Corkin, 2005; Kensinger, GaroffEaton, & Schacter, 2007a ) (reviewed by Reisberg & Heuer, 2004 , but see Heuer & Reisberg, 1990 Libkuman, Nichols-Whitehead, Griffith, & Thomas, 1999 for circumstances of item and contextual memory enhancement). Within complex visual scenes, emotioninduced memory trade-off effect describes enhanced memory for emotional relative to neutral items that is accompanied by a decrement in memory for the backgrounds that are associated with those emotional items; memory for the background context is "traded off," in favor of memory for the emotional items. * Corresponding author. Tel.: +1 617 552 0659; fax: +1 617 552 0523. Behavioral evidence has begun to elaborate upon the specific characteristics of emotional scenes that lead to a trade-off in memory. The magnitude of this effect has been shown to vary with stimulus arousal level (how calming/soothing or exciting/agitating) [(Burke et al., 1992; Kensinger et al., 2007a; Libkuman, Stabler, & Otani, 2004) see (Russell, 1980) for discussion of these dimensions]. Previous studies of memory for emotionally arousing visual stimuli have shown a pattern of neural activity during encoding that is related to subsequently enhanced memory for emotional stimuli and poor memory for contextual details or for perceptually peripheral information (Kensinger & Schacter, 2006; Mather et al., 2006) . For example, a study by Mather et al. (2006) found that emotion did not uniformly enhance memory; although participants had better memory for emotionally arousing pictures than neutral, their spatial source memory for the arousing pictures was impaired. These behavioral patterns corresponded with greater activation at encoding within temporo-occipital visual processing regions for the high arousal than lower arousal pictures. The authors inferred from these results that encoding-related coupling of item and source information is disrupted for high arousal emotional items because of the focus of visual attention upon those stimuli; in other words, participants devoted their mental resources toward the processing of the emotionally arousing item and not toward other features of its presentation, such as its location on the computer screen (see Mather, 2007 for further discussion). Further evidence to support this conclusion was gathered in a series of studies revealing that amygdala activation at encoding was related to subsequent memory for images of emotional items and the precise visual details of
